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High Temperature Aquifer Thermal Energy Storage
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Variable storage conditions
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Geometry:
A/V = AREA / VOLUME
Optimal at L/Rth = 2

LT-ATES: Conduction

Rth

L

Bloemendal, M., & Hartog, N. (2018). Analysis of the impact of storage conditions on the thermal recovery 
efficiency of low-temperature ATES systems. Geothermics, 17, 306-319. doi:10.1016/j.geothermics.2017.10.009

A/V
En

er
gy

 lo
ss

 fr
ac

tio
n



6



7

HT-ATES: +Buoyancy

80% recovery 23% recovery

Kh=1, Kv=0.2 m/d Kh=30, Kv=6 m/d

(high K)

(medium K)

(low K)
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Impact of storage geometry

Minimize conduiction 
losses

Suitable for strong 
density

Hydraulic conductivity of the 
aquifer ?!
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Energy loss… thermal impact

Conduction into 
clay layer

Loss due to 
buoyancy 
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Thermal impact – year 1
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Thermal impact – year 50

C2 Prestaties en thermische effecten van ondergrondse 
warmteopslagsystemen | 
https://www.warmingup.info/documenten/window-fase-1---c2---
prestaties-en-thermische-effecten.pdf 

Hydraulic conductivity of the 
aquifer ?! + surroundings!



Subsurface is heterogeneous at multiple scales

1m

High density

Low density



Impact of heterogeneity
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1
3 53% recovery 55% recovery 46% recovery 70% recovery

53% recovery

Hydraulic conductivity of aquifer and surroundings
At large and small scale



Logging

Fieldwork: determine subsurface properties
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Cuttings

Pumping test

Core analysis
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Conclusions
(1)

(2)

Recovery 
efficiency

Thermal 
Impact

 Current research: how to determine subsurface 
properties effectively and efficiently?
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